A continuous-culture device, adapted for use with solid substrates, was used to evaluate the effects of 3-phenylpropanoic acid (PPA) upon the ability of the South African strain Ruminococcus albus Ce63 to ferment cellulose. Steady states of fermentation were established with a dilution rate of 0.17 h-1, and the extent and volumetric rates of cellulose fermentation were determined over four consecutive days. When the growth medium contained no additions (control), 25 ,uM phenylacetate alone, 25 ,uM PPA alone, or 25 ,uM each of phenylacetate and PPA, the extent of cellulose hydrolysis was determined to be 41.1, 35.7, 90.2, and 86.9%, respectively, and the volumetric rate of cellulose hydrolysis was 103.0, 97.9, 215.5, and 230.4 mg liter-' h-', respectively. To evaluate the effect of PPA availability on affinity for cellulose, the values for dilution rate and extent of cellulose hydrolysis were used in combination with values for maximum specific growth rate determined from previous studies of growth rates and kinetics of cellulose hydrolysis. The findings support the contention that PPA maintains a competitive advantage for R. albus when grown in a dynamic, fiber-rich environment.
The current understanding of the involvement of 3-phenylpropanoic acid (PPA) in the fermentation of cellulose by Ruminococcus albus has been obtained from studies utilizing batch cultures and with strains of microorganisms isolated in the United States. The addition of PPA was found to improve cellulose hydrolysis (2, 10) , alter cell morphology, and result in the production of cell-bound, high-molecularweight forms of cellulases (9) . Whereas PPA concentrations as low as 3 FiM have been found to stimulate R. albuls, concentrations as high as 25 F.M do not stimulate the growth or rates of cellulose breakdown by some strains of Ruminococcus flavefaciens or Butyrivibrio fibrisolvens (8) . Continuous-culture methods have recently been utilized to measure the kinetics of cellulose fermentation by rumen microorganisms (3, 5, 6 ; A. Kistner and J. H. Kornelius, submitted for publication). Continuous-culture techniques with solid substrates such as cellulose could indicate the effects of PPA upon the kinetics of cellulose hydrolysis and allow an assessment of the importance of PPA to the viability of R. albus in a dynamic, fiber-rich environment. We present here results from continuous-culture studies to support the contention that PPA greatly improves the affinity that R. albus possesses for cellulosic substrates.
R. albus strain Ce63 was isolated from a sheep fed a low-protein Eragrostis teff hay (7) . Prior to experimentation and for continuous-culture studies, the isolate was grown on medium similar to the defined medium described by Hungate and Stack (2) but with the inclusion of Trypticase (E. Merck AG, Darmstadt, Federal Republic of Germany) (8) , volatile fatty acid mixture (1) , and trace elements (4). Whatman no. 1 filter paper (Whatman, Inc., Clifton, N.J.) was wet-pebble milled for 7 (Kistner and Kornelius, submitted). Two reaction vessels were employed, each approximately 250 ml in volume, and one was fitted with a peristaltic pump which delivered a sterile solution of PPA to maintain its concentration at approximately 25 ,uM. The flow rate was sufficiently slow so as to have no significant effect upon the dilution rate. Each of the reaction vessels was inoculated with 10 ml of a culture transferred at least three times through 10-ml volumes of the medium lacking both PPA and PAA. A dilution rate of 0.17 h-1 for both solids and liquid was established, maintaining a 98% turnover of the reaction vessel contents every 24 h. Steady state was attained, and samples from the medium reservoir and fermentation vessels were then collected on 4 consecutive days. Cellulose solubilization was determined by measuring the dry-matter disappearance of cellulose from reaction vessel contents relative to the concentration of cellulose present in the medium reservoir. Cellulose was collected onto preweighed polypropylene filters (Sartorius brand, Gottingen, Federal Republic of Germany) and washed with three 15-ml volumes of sterile, deionized water. The calculated values for the extent of cellulose solubilization were used to determine the volumetric rates of cellulose solubilization as a function of the dilution rate and treatments imposed.
The inclusion of PPA in the growth medium dramatically increased the extent and volumetric rate of cellulose hydrolysis, whereas the addition of PAA had no beneficial effects ( Table 1 ). The more amorphous nature of the cellulosic substrate used here as compared with that of previous studies (5, 6) facilitated both the greater extent of cellulose fermentation observed and the greater dilution rates attained ( Table 1) . The medium was sufficiently well buffered so that pH could not be considered to have influenced cellulolytic activity. Figure 1 illustrates that concomitant with the stimulation of cellulolytic activity on PPA addition, there was an increase in the number of bacterial cells found attached to Previous continuous-culture studies with R. albus using cellulose (5) showed that the conversion of cellulose to soluble sugars was the growth-limiting step because soluble sugars were negligible in culture fluids for all retention times of solids tested. Thus, cellulose per se can be considered the growth-limiting substrate. The results of the calculations are illustrated in Fig. 2 . In cultures which did not contain PPA, the relative increase in the amount of cellulose required to satisfy K, as ULmax increased was almost five times greater than that for cultures which contained PPA. Further, for any chosen concentration of cellulose, there were great differ- ences in the estimated tlmax values, which were also dependent upon the addition of PPA. That cellulose breakdown by R. albus follows first-order kinetics has been shown previously with both continuous-culture (5) and batch culture (8) experiments. The explanations given for such findings (6) 
